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ABSTRACT
We report the results of an observational study aimed at searching for magnetic pul-
sating hot stars suitable for magneto-asteroseismology. A sample of sixteen chemically
peculiar stars was selected and analysed using both high-resolution spectropolarime-
try with ESPaDOnS and K2 high-precision space photometry. For all stars, we derive
the effective temperature, surface gravity, rotational and non-rotational line broaden-
ing from our spectropolarimetric data. High-quality K2 light curves were obtained for
thirteen of the sixteen stars and revealed rotational modulation, providing accurate
rotation periods. Two stars show evidence for roAp pulsations, and one star shows
signatures of internal gravity waves or unresolved g-mode pulsations. We confirm the
presence of a large-scale magnetic field for eleven of the studied stars, of which nine are
first detections. Further, we report one marginal detection and four non-detections.
Two of the stars with a non-detected magnetic field show rotational modulation due
to surface abundance inhomogeneities in the K2 light curve, and we confirm that the
other two are chemically peculiar. Thus, these five stars likely host a weak (undetected)
large-scale magnetic field.
Key words: stars: magnetic field – stars: rotation – stars: early-type – stars: oscil-
lations
1 INTRODUCTION
The number of known magnetic hot stars has steadily in-
creased thanks dedicated campaigns (e.g., MiMeS, Wade
et al. 2016; the BOB campaign, Morel et al. 2015; and the
BRITE spectropolarimetric survey, Neiner et al. 2016) using
the latest generation of high-resolution spectropolarimeters.
Magnetic fields are found to occur in about 10 % of hot stars,
are stable over long time scales, have a simple geometry (of-
ten dipolar), and are considered to be of fossil origin (e.g.,
Power 2007; Neiner et al. 2015; Villebrun et al. 2016; Sikora
et al. 2017). Yet, we still do not understand the impact of
such large-scale magnetic fields on the deep stellar interior
or on stellar evolution. Theory and numerical simulations
indicate that the large-scale magnetic field should enforce a
uniform rotation within the radiative envelope of hot stars
(e.g., Ferraro 1937; Moss 1992; Spruit 1999; Mathis & Zahn
? E-mail: bram.buysschaert@obspm.fr
2005; Zahn 2011). This affects the amount of material that is
able to overshoot from the convective core to the surround-
ing radiative layers in these stars (e.g., Press 1981; Browning
et al. 2004). However, observational evidence of this effect
remains rare.
Asteroseismology, the study of non-radial oscillations in
stars, remains the sole method to reliably observe the con-
ditions within stars (Aerts et al. 2010). Depending on the
type of stellar oscillations, classified on the basis of their
dominant restoring force of the pulsation modes, the driv-
ing mechanism, and the global stellar parameters, these os-
cillations probe different regions within the stellar interior.
Gravity modes (g modes) probe the deep interior and the
near-core region, while pressure modes (p modes) are mostly
sensitive to the stellar envelope. The detection and mod-
elling of oscillation modes has been successfully exploited for
only two hot magnetic OB stars, namely V2052 Oph (Neiner
et al. 2012a; Handler et al. 2012; Briquet et al. 2012) and
β Cep (Shibahashi & Aerts 2000), at the level of magneto-
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asteroseismology. This is the combination of magnetometry
and asteroseismology to study how the large-scale magnetic
field of these magnetic hot stars influences their deep in-
terior. Briquet et al. (2012) determined that the magnetic
field of V2052 Oph was responsible for the low amount of
convective-core overshooting required to successfully model
the observed β Cep p-mode oscillations when, comparised
to a star with similar oscillations but no detected large-scale
magnetic field.
Unfortunately, the number of known magnetic pulsat-
ing hot stars with a complete characterization of their large-
scale magnetic field and sufficient data to perform astero-
seismic modelling remains limited. This is in part due to
the brightness limitation for ground-based high-resolution
spectropolarimetry (V = 7 − 10 mag is the typical limit for
moderately rotating hot stars) and in part because few in-
trinsically bright hot stars were observed by photometric
space missions, such as Kepler or CoRoT. The K2 space mis-
sion (Howell et al. 2014) has partly filled this niche, since its
field of view changes on the sky every ∼90 days, and mon-
itors stars that are accessible with modern high-resolution
spectropolarimetry. As such, we are able to search for and
investigate the periodic variability in photometry caused by
oscillations and rotational modulation, while also measuring
the strength of the large-scale magnetic field.
For this current study, we selected a sample of candi-
date magnetic hot stars, based on their peculiar chemical
surface composition, to be observed with both K2 and ES-
PaDOnS, with the aim to find optimal targets for magneto-
asteroseismology.
We describe the sample selection in Sect. 2. Section 3
discusses the observations and their respective data treat-
ments. The periodic variability in the K2 photometry is in-
vestigated in Sect. 4, estimates on the stellar parameters are
determined in Sect. 5, and in Sect. 6 we examine the high-
resolution spectropolarimetry for the presence of a large-
scale magnetic field. Section 7 discusses the results, and a
summary and conclusions are provided in Sect. 8.
2 SAMPLE SELECTION
For each observing campaign of the K2 space mission, we
selected the CP-2 stars(also known as Ap/Bp stars) and the
He weak/strong stars from the Renson & Manfroid (2009)
catalogue, which contains a list of stars known to have pe-
culiar chemical photospheric abundances. The Ap/Bp stars
are typically slow rotators with strong large-scale magnetic
fields, which cause stratification in their atmospheres and
create long-term chemical spots on the stellar surface (e.g.,
Stibbs 1950; Michaud 1970). The He strong stars are also
assumed to host large-scale magnetic fields (e.g., Borra &
Landstreet 1979, with σOri E as the best studied example,
Oksala et al. 2015). The He weak stars (CP-4 stars) are
of a different nature and do not form a homogeneous group
(which was already noted by e.g., Sargent 1964; Norris 1971;
Jaschek & Jaschek 1974). Some CP-4 stars exhibit intense
Si, or Ti and Sr lines, and are considered a hot extension of
the magnetic Ap/Bp stars (examples of magnetic He weak
stars are 3 Sco (Landstreet et al. 1979), HD 176582 (Bohlen-
der & Monin 2011), and HR 2949 (Shultz et al. 2015)). Oth-
ers show overabundances of P and Ga, typically noted for
HgMn stars (CP-3 stars), and could thus be related to these
non-magnetic HgMn stars.
In total, over 60 of these anticipated magnetic stars have
been selected and monitored by the K2 space mission, in its
campaigns C00 up to C15. From this sample, we selected
16 of the brightest and/or slowest rotating stars to be ob-
served with high-resolution spectropolarimetry, with the aim
to detect and/or confirm the presence of a stable large-scale
magnetic field. The combined analysis of the photometric
and spectro-polarimetric data of this sub-sample forms the
basis of the current paper. The individual stars and their
properties are presented in Table 1. The photometric vari-
ability of the complete sample of 60 stars is analysed and
presented in Bowman et al. (2018, submitted).
Two stars of the sample are the primary components
of long-period binary systems. HD 134759 is part of a hi-
erarchical system, for which the shortest orbital period is
23.42 yr (Heintz 1982). HD 158596 has an angular separation
of ∼0.3 arcsec according to its Hipparcos data (ESA 1997).
One star is part of a short-period binary system, namely
HD 139160. Levato et al. (1987) indicated an orbital orbit
of 5.28 d and an eccentricity of 0.33 ± 0.02. Yet, substan-
tial scatter remains between their spectroscopic observations
and orbital solution.
2.1 Previous inference of large-scale magnetic
fields
For some of the stars in our sample, the presence of a large-
scale magnetic field has been investigated from previous ob-
servations. However, in several cases it was not clearly con-
firmed that the star hosts a large-scale magnetic field. These
observations are either from a photometric estimation of
the ‘surface’ magnetic field (e.g., Cramer & Maeder 1980a),
medium resolution circular spectropolarimetry of metal or
Balmer lines (e.g., Romanyuk et al. 2014), or from the di-
rectly observed Zeeman splitting of absorption lines (Mathys
et al. 1997).
The photometric Z index based on the Geneva pho-
tometric system and calibrated on Kurucz models (Kurucz
1979) can indicate the presence of a (large-scale) magnetic
field for hot stars (with a spectral type ranging from B1
to A2; Cramer & Maeder 1979, 1980b). This method was
employed by Cramer & Maeder (1980a) to indicate that
HD 134759 and HD 139160 should host a large-scale mag-
netic field with a strength of more than 1 kG. North &
Cramer (1984) continued this analysis and determined a
magnetic field strength of 1 kG, 2.7 kG, 4.1 kG, 2.4 kG, and
1.2 kG for HD 134759, HD 155127, HD 164224, HD 165972,
and HD 173406, respectively.
Low to medium resolution circular spectropolarimetry
was utilized to detect and measure the strength of the large-
scale magnetic fields of three stars in our sample. Landstreet
et al. (1975) investigated HD 134759 and obtained a longitu-
dinal magnetic field value of −600±700 G, which the authors
did not claim as a definite detection. HD 97859 was observed
and discussed by El’kin (1998), who obtained a longitudinal
magnetic field of −400 G. No errorbars were provided, but
it can be assumed to be of the order of the measured value,
as HD 97859 had the largest v sin i of all stars in their sam-
ple, with typical uncertainties ranging from 100 G to 500 G
for stars with a v sin i < 20 km s−1. Lastly, HD 107000 was
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Table 1. Ap/Bp stars observed with K2 and ESPaDOnS. Spectral types are retrieved from Renson & Manfroid (2009) and confirmed
binary systems in the literature are indicated (see text). Values for the effective temperature Teff and surface gravity log g were determined
in this work by fitting synthetic spectra to the Hβ and Hγ lines. The values for the projected rotational velocity v sin i and the non-
rotational line broadening vNR were determined from a fit to an unblended metal line.
Star V SpT Teff log g v sin i vNR
[mag] [K] [dex] [km s−1] [km s−1]
HD97859 9.35 B9 Si 13750± 300 3.85± 0.10 83± 1 42± 5
HD107000 8.02 A2 Sr 7850± 200 3.20± 0.15 20± 5 41± 6
HD134759 4.54 Bp Si + ... 11900± 200 3.80± 0.10 60± 2 33± 4
HD139160 6.19 B7 He wk. 13200± 400 4.05± 0.10 20± 5 35± 5
HD152366 8.08 B8 Si 10250± 450 3.30± 0.30 23± 2 17± 3
HD152834 8.83 A0 Si 10100± 500 3.40± 0.30 13± 1 10± 2
HD155127 8.38 B9 Eu Cr Sr 8050± 150 3.45± 0.15 37± 3 35± 5
HD158596 8.94 B9 Si + ... 11200± 400 3.90± 0.20 60± 3 40± 4
HD164224 8.49 B9 Eu Cr 8850± 250 3.45± 0.10 22± 4 40± 7
HD165972 8.96 B9 Si 12700± 250 3.85± 0.10 29± 4 50± 5
HD166804 8.88 B9 Si 12900± 250 4.00± 0.10 45± 3 29± 4
HD173406 7.43 B9 Si 13150± 250 4.05± 0.10 38± 2 33± 5
HD173657 7.41 B9 Si Cr 10750± 500 3.80± 0.20 91± 5 47± 15
HD177013 9.04 A2 Eu Cr Sr 11700± 400 4.40± 0.20 24± 6 41± 8
HD177562 7.38 B8 Si 12200± 300 3.65± 0.10 15± 1 13± 3
HD177765 9.15 A5 Eu Cr Sr 8600± 200 4.50± 0.10 5± 2 8± 2
monitored by Romanyuk & Kudryavtsev (2008); Romanyuk
et al. (2014, 2015), who measured longitudinal magnetic field
values ranging from −240± 30 G up to 320± 50 G that vary
with a period of about 2.4 d.
Mathys et al. (1997) and Mathys (2017) noted that
HD 177765 hosts a sufficiently strong large-scale magnetic
field causing Zeeman splitting of several absorption lines.
By measuring the strength of the splitting, the authors de-
termined a mean magnetic field modulus of approximately
3.4 kG, with little variation between the various observa-
tions.
Given this overview, we conclude that only HD 107000
and HD 177765 have a firmly detected large-scale magnetic
field, albeit not with modern high-resolution spectropo-
larimetry.
3 OBSERVATIONS
3.1 K2 photometry
To construct the K2 light curves, we retrieved the target
pixel files from the Mikulski Archive for Space Telescopes
(MAST). For each (sub)-campaign and each star, we de-
termined custom non-circular apertures from the stacked
images. These were sufficiently large to accommodate the
pixel drifts due to the thruster fires (Howell et al. 2014)
and did not change during a given data set. Next, the
mean background per frame was subtracted to create raw
background corrected photometry. This was subsequently
passed through the k2sc package (Aigrain et al. 2015, 2016,
2017) to correct for the pixel drifts, and their associated
instrumental effects, by means of Gaussian processes. Sub-
sequently, an outlier rejection was applied to the corrected
photometry of each (sub)-campaign and another (long-term)
instrumental detrending was performed. During this de-
trending step, we accounted for the high-amplitude rota-
tional modulation signal (see Sect. 4.1). Finally, we combined
Table 2. Logs of the the K2 photometric observations. We pro-
vide the EPIC ID, the K2 campaign number, C, during which
observations were taken, the total duration of the observations,
and the total number of datapoints in the light curve, N. a Light
curve not yet fully reduced at the time of submission. b Light
curve has a significant time gap in between the two campaigns. c
Light curve of poor quality due to flux loss outside the sub-raster.
Star EPIC ID C Time length N Notes
[d]
HD 97859 201777342 01 80.07 3345
HD 107000 201667495 10 47.89 1907
HD 134759 249657024 15 a
HD 139160 249152551 15 a
HD 152366 203749199 02, 11 822.59 4209 b
HD 152834 232176043 11 69.43 2925
HD 155127 232284277 11 69.45 2876
HD 158596 225990054 09, 11 221.99 5831 b
HD 164224 226241087 09 68.64 2824
HD 165972 224206658 09 68.64 2822
HD 166804 227373493 09 68.64 2812
HD 173406 218676652 07 65.79 2624
HD 173657 213786701 07 81.28 3361
HD 177013 219198038 07 81.24 3289
HD 177562 214133870 07 81.80 3494 c
HD 177765 214503319 07 78.78 3331
the different (sub)-campaigns for a given star to one light
curve. Details on the K2 photometry are given in Table 2.
Reduced K2 light curves were constructed for 14 stars of
the sample, while reductions for HD 134759 and HD 139160
were still ongoing at the time of writing. A significant frac-
tion of the flux of HD 177562 was lost outside the subraster,
causing the light curve to be of poor quality. Therefore, only
13 light curves were used in the remaining of this paper.
3.2 ESPaDOnS spectropolarimetry
Each star was observed at least once by the Echelle Spec-
troPolarimetric Device for the Observations of Stars (ES-
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PaDOnS, Donati et al. 2006) mounted at the Canada France
Hawaii Telescope (CFHT) on Mauna Kea in Hawaii. Stan-
dard settings were used for the spectropolarimeter in circu-
lar polarisation mode (Stokes V). The spectropolarimetric
sequences consisted of four consecutive sub-exposures, for
which the exposure times were tailored to the spectral type,
brightness, and anticipated v sin i, to be able to detect a
dipolar field of 600 G or higher. The observations were re-
duced with the libre-esprit (Donati et al. 1997) and upena
softwares available at CFHT. The data span from 3 700 A˚ to
10 500 A˚ and have an average resolving power R = 65 000.
The spectropolarimetric data were normalized to unity per
spectral order with the interactive spline fitting tool spent
(Martin et al. 2018). Details on the spectropolarimetric ob-
servations are given in Table 4.
4 PHOTOMETRIC VARIABILITY
4.1 Rotational modulation
We computed a Lomb-Scargle periodogram (Lomb 1976;
Scargle 1982) for each of the 13 K2 light curves. The dom-
inant variability for all 13 light curves occurs in the low-
frequency regime, which consists of a few significant fre-
quency harmonics. These periodograms are indicated in the
top and middle panels of the left column of Fig. 1 (simi-
lar figures for the other stars are depicted in Appendix A).
We attribute this variability to rotational modulation, due
to surface abundance inhomogeneities. Instead of iteratively
prewhitening this variability, we performed a Least-Squares
(LS) fit to the light curve with a fourth-order sine model:
M(t) = C +
4∑
n=1
An · sin (2pi(nfrott+ φn)) , (1)
where An and φn are the amplitude and phase of the nth
harmonic and C is a constant offset. This fitting procedure
has the advantage that the exact rotation frequency, frot,
and its (higher) frequency harmonics are simultaneously en-
forced. We truncated the series at the fourth order, because
this was the highest frequency harmonic encountered in the
periodograms. The fitting process was a two-step approach.
First, frot was kept fixed to the estimated value from a ten
times oversampled Lomb-Scargle periodogram to estimate
An, φn, and C. In the second step, all parameters, including
frot, were set as free fitting parameters, where frot was al-
lowed to vary within the Rayleigh resolution limit. We show
the final fit to the K2 light curve in the top right panel of
Fig. 1 for HD 107000 and provide all 13 determined rotation
periods in Table 3. We propagated the Rayleigh limit as a
conservative uncertainty for each Prot.
Several of the stars in our sample have previously been
monitored to investigate their periodic variability. We com-
pared the literature values for the rotation period with the
values derived in this work (see Table 3). Most agreed well
with only two exceptions. For HD 107000, we recovered twice
the literature value. This may occur if Wraight et al. (2012)
performed a frequency extraction instead of fitting a high-
order sine model to the stereo light curve in the time do-
main. Our value for the rotation period of HD 107000 offers
a better fit to the K2 light curve. The other exception is
HD 177765, for which Mathys (2017) indicated a rotation
Table 3. Rotation periods from photometric modulation. Values
determined in this work were calculated from the K2 photometry.
a Watson et al. (2006), b Wraight et al. (2012), c Bernhard et al.
(2015), d Hu¨mmerich et al. (2016), e Mathys (2017), ∗ Length of
the K2 light curve is smaller than twice the rotation period.
Star Prot [d] Prot [d] Note
This work Literature
HD 97859 0.792± 0.008 0.7921± 0.0002 b
HD 107000 5.6± 0.7 2.8187± 0.0002 b
HD 134759 3.099± 0.001 b
HD 139160 6.62± 0.02 b
HD 152366 3.23± 0.01
HD 152834 4.4± 0.3 4.2928± 0.0003 d
HD 155127 5.5± 0.4 5.5243± 0.0004 d
HD 158596 2.02± 0.02 2.02206± 0.00005 c
HD 164224 0.73± 0.01
HD 165972 2.8± 0.1 2.7596± 0.0001 d
HD 166804 3.7± 0.2 3.7035± 0.0002 d
HD 173406 4.6± 0.3 5.095 a
HD 173657 1.94± 0.05 1.93789± 0.00005 d
HD 177013 4.9± 0.3 4.873 a
HD 177562
HD 177765 56± 40  5 years e,∗
period longer than 5 years due to the lack of variability in
the mean magnetic field modulus. The variability in the K2
light curve has a small amplitude and does not contain two
full cycles of the derived rotation period (56 days). We can-
not exclude that this photometric variability has a different
(possibly instrumental) origin other than rotation.
4.2 Remaining periodic variability
By removing the rotation signal from the K2 photometry,
we drastically reduced the power in the Lomb-Scargle pe-
riodograms (e.g., the bottom left panel of Fig. A3). The
strongest remaining signal within the periodogram of the
residuals falls within one of the following categories:
• Low-frequency power excess related to imperfectly re-
duced and corrected K2 photometry. This might have
been caused by stitching different K2 (sub)-campaigns to-
gether into one light curve or because of an incomplete re-
moval of long-term instrumental variability. HD 152834 and
HD 165792 show examples of this power excess in the peri-
odogram of the residuals.
• Remaining aliasing structure around the ∼6 h K2
thruster fire frequency (or its harmonics) or at the harmon-
ics of the ∼6 h thruster fire frequency itself. A clear example
of the former was observed for HD 173657.
• Remaining structure around the rotation frequency or
its frequency harmonics. This is observed, for example, for
HD 155127, HD 158596, or HD 166804. The surface abun-
dance inhomogeneities are anticipated to be stable over the
time scale of the light curves, as they are linked to the stable
large-scale magnetic fields. However, spot migration could
have occurred, but is considered to be unlikely.
Three stars are exceptions to these results with signifi-
cant power in their residual periodograms. Both HD 158596
and HD 177765 show a clear, isolated frequency peak at
17.001± 0.005 d−1 and 11.76± 0.01 d−1, respectively. These
MNRAS 000, 1–10 (2017)
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Figure 1. The K2 light curve of HD 107000 is shown in the top left panel and its corresponding Lomb-Scargle periodogram in the middle
left panel. Top right : K2 photometry (black) phase-folded with the rotation period, as well as a fourth-order sine model (red). Rotation
phases where ESPaDOnS spectropolarimetry were taken are marked by the black dashed lines. Bottom left : Lomb-Scargle periodogram
of the residual K2 photometry, after removal of the rotational modulation signal. Instrumental frequencies related to the thruster firing
are indicated by the gray solid lines. Bottom right : LSD profiles of the ESPaDOnS spectropolarimetry where the Stokes V, the diagnostic
null, and the Stokes I profiles are shown, with an offset for increased visibility. Integration limits for the determination of the FAP and
longitudinal magnetic field are indicated by the dashed vertical lines.
could be Nyquist aliases of unresolved, high-frequency pul-
sation modes in the rare subgroup of roAp stars (Kurtz
1982). Alentiev et al. (2012) discussed the detection of a
61.01 d−1 roAp pulsation in the spectroscopy of HD 177765,
supporting the hypothesis that we may indeed be dealing
with an alias in the photometry. We cannot exclude that
the frequency peak for HD 158596 originates in the fainter
secondary component. Finally, we note that HD 164224 re-
veals a low-frequency power excess, which could be due to
unresolved g-mode pulsation frequencies or internal gravity
waves, which are predicted in stars with convective cores
(e.g., Aerts & Rogers 2015).
We did not find evidence of frequency peaks related to
stellar oscillations driven by the κ-mechanism for any of the
13 targets.
5 ESTIMATION OF STELLAR PARAMETERS
To perform the magnetometric analysis, we required es-
timates for the effective temperature, Teff , and the sur-
face gravity, log g, to construct average spectra with the
Least-Squares Deconvolution (LSD) technique (Donati et al.
1997). This method drastically increased the S/N of a pos-
sible Zeeman signature in the (LSD) Stokes V profile.
As a first step, we deduced the projected rotational ve-
locity v sin i and the radial velocity for each star by fitting a
rotation profile (see e.g., Gray 2005) convolved with a Gaus-
sian profile to an unblended Fe or Si line. The Gaussian
profile captures the non-rotational broadening vNR acting
upon the absorption line, due to macro-turbulence, micro-
turbulence, waves, etc. We followed the goodness-of-fit ap-
proach by Simo´n-Dı´az & Herrero (2014) to derive the values
and confidence intervals for v sin i and vNR and report the
results in Table 1, keeping in mind that these two parameters
are correlated.
Next, we determined Teff and log g for each star by
fitting pre-computed syntv local thermodynamical equilib-
rium synthetic spectra (Tsymbal 1996) for llmodels atmo-
sphere models (Shulyak et al. 2004) using the Grid Search in
Stellar Parameters (gssp, Tkachenko 2015) software to the
observations. Because of the significant chemical peculiari-
ties for these stars, we performed the fitting simultaneously
to the Hβ and Hγ lines, while keeping the overall metal-
licity fixed at [M/H] = 0.0 and the micro-turbulent velocity
at vmicro = 2.0 km s
−1. Moreover, both the line broadening
and the radial velocity were fixed at the values in Table 1.
The grid of stellar parameters for gssp spanned from Teff =
6000 K up to 15000 K, with steps of 500 K, and log g from
3.0 dex up to 4.5 dex, with a step of 0.1 dex. The determined
values for Teff and log g, as well as their statistical uncer-
tainties, are also listed in Table 1. These errors on Teff and
log g should be considered as a lower limit of the confidence
intervals, because Ap stars are known to have a core-wing
anomaly for their hydrogen lines (see e.g., Cowley et al. 2001;
Kochukhov et al. 2002). For the stars with unresolved binary
components, the values given may have contributions from
both stars. However, the difference in Teff as a result of this
would not significantly affect our conclusions.
Although the secondary components of HD 134759,
HD 139160, and HD 158596 should be well within the fiber
area of ESPaDOnS, we did not find a clear indication of
the presence of the secondary in the spectra. Therefore, we
also fitted their respective observations with a single-star
synthetic spectrum to estimate the stellar parameters.
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6 MAGNETOMETRY
To boost the signal-to-noise ratio (S/N) of the possible Zee-
man signatures in the Stokes V spectrum, we constructed
an average line profile using the LSD technique. A precom-
puted vald3 line mask (Ryabchikova et al. 2015) with pa-
rameters close to the estimated stellar parameters was used
for each star, and is listed in Table 4. All hydrogen lines
and all spectral lines blended with hydrogen lines, telluric
features, and known diffuse interstellar bands were removed
from the line masks. Furthermore, the depths of the lines in
the masks were adjusted to match the observations (a pro-
cess so-called “tweaking”, see e.g., Grunhut et al. 2017). The
resulting LSD profiles are shown in the bottom right panel of
Fig. 1 for HD 107000 and in Appendix A for the other stars.
Most of the LSD Stokes I profiles show some sort of dis-
tortion. We attributed this profile variability to the surface
abundance inhomogeneities, because the corresponding K2
photometry displays rotational modulation.
6.1 Zeeman signature
The False Alarm probability (FAP; Donati et al. 1992, 1997)
was utilized to determine the presence of a Zeeman signa-
ture in the LSD Stokes V profile. Non-detections (NDs) have
been assigned for a FAP> 10−1 %, definite detections (DDs)
for FAP< 10−3 %, and marginal detections correspond to
10−3 % <FAP< 10−1 %. Using these criteria, eleven stars
have a DD, while four have a ND and one a MD. We mark
the detection status in Table 4.
For each spectropolarimetric observation, we also deter-
mined the longitudinal magnetic field (Rees & Semel 1979)
as:
Bl = −2.14 · 1011
∫
vV (v)dv
λgc
∫
[1− I(v)]dv , (2)
where V (v) and I(v) are the LSD Stokes V and I profiles,
respectively, for a given velocity v in km s−1. The mean
Lande´ factor, g, and the mean wavelength (in nm), λ, result
from the LSD technique. The speed of light, c, is given in
km s−1 and the longitudinal magnetic field, Bl, in Gauss.
The integration range spans the full width of the Zeeman
signature and the mean absorption line profile. We report
the values for λ, g, the integration range, and the calculated
longitudinal magnetic field in Table 4.
The determined Bl values are well in line with the ex-
pectations for magnetic hot stars with a polar strength of
at least several 100 G (where the polar strength is at least
3.5 times the measured longitudinal magnetic field; Preston
1967). Stars for which we obtained a ND also have a mea-
sured Bl compatible with zero within the 2σ confidence in-
terval. In addition, Zeeman splitting is observed in individ-
ual lines (Stokes I) of HD 177765 (as already clearly indicated
in Figure 4 of Mathys et al. 1997), confirming that the star
hosts a strong field of several kG. This strong magnetic field
agrees with the long rotation period for the star (out of the
studied sample) when considering magnetic braking.
Nearly all of the detected Zeeman profiles have a typi-
cal appearance for large-scale magnetic fields with a simple
geometry (dominantly dipolar), where the exact shape de-
pends on the rotation phase and on the unknown inclination
and obliquity angles. Distortions of the Zeeman signature
due to the distorted LSD Stokes I profile did occur for sev-
eral stars, such as HD 166804. However, the signature was
sufficiently clear that these distortions did not cause any is-
sues with the detection. Moreover, the rotation periods are
sufficiently long compared to the total exposure time of the
spectropolarimetric sequence, so that the measured Bl val-
ues were not affected by these distortions.
6.2 Binary systems
As mentioned earlier, three stars of our sample are part of bi-
nary systems. A component of two of these (i.e., HD 134759
and HD 158596) clearly host a large-scale magnetic field. The
spectropolarimetric sequence of HD 139160, however, led to
a ND. Here, we consider several explanations.
• The ND could be caused by the binary nature of
HD 139160. The distortions in the LSD Stokes I profile could
be due to the presence of the nearby companion, classi-
fying HD 139160 as SB2 system, instead of the previously
claimed surface abundance inhomogeneities. By means of LS
fitting, we described the LSD Stokes I profile with two Gaus-
sian functions to represent the individual components (see
Fig. A2). After subtracting either one of the Gaussian pro-
files, we isolated the individual components in the Stokes I
profile. We then used these two profiles to redetermine the
FAP for a Zeeman signature (in the LSD Stokes V) and
recomputed the longitudinal magnetic field (see Table 4).
Again, we did not detect a signature of a large-scale mag-
netic field for the individual components. Hence, the binary
nature is probably not the cause of the ND.
• HD 139160 has a rather short orbital period of 5.28 d,
according to the modelling efforts of Levato et al. (1987) to
the measured radial velocities. As magnetic hot stars seem
to be less common in binary systems with short orbital pe-
riods (as inferred from the BinaMIcS results, Alecian et al.
2015), this could explain the ND. Yet, spectropolarimetric
data with a much higher S/N are needed to exclude the
possibility of a weak magnetic field.
• As indicated earlier, two sub-groups of He-weak stars
exist. The He-weak stars related to the HgMn stars do not
host a large-scale magnetic field. We compared the Stokes I
spectrum with the synthetic syntv + llmodels (with so-
lar abundances) spectrum, but did not find clear evidence
of strong P or Ga absorption lines, which would associate
HD 139160 to this non-magnetic sub-group of He-weak stars.
We did, however, note the substantially weaker He I lines.
Thus, HD 139160 may host a large-scale magnetic field, but
that is weaker than our detection threshold.
7 DISCUSSION
7.1 Rotation period
The determined rotation periods indicate that all stars are
slow to moderate rotators. This result was expected because
of a known bias introduced in the sample star selection since
we required to obtain high S/N, high-resolution spectropo-
larimetry with reasonable exposure times. Nevertheless, ro-
tation periods of a few days are typical of Ap/Bp stars. We
compare the determined rotation frequencies with the de-
rived values for v sin i in Fig. 2. No strict relation is present,
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Table 4. Magnetometric properties of the sample. We provide the HJD at the middle of the spectropolarimetric sequence, as well as
the total exposure time. Furthermore, we indicate the Teff and log g of the vald3 line mask, the S/N in the LSD Stokes I profile, the
Lande´ factor g, the mean wavelength λ, the integration range around the line centroid used for the longitudinal field calculation and FAP
analysis, the detection status of a Zeeman signature (DD for definite detection, ND for non-detection and MD for marginal detection),
and the measured longitudinal magnetic field.
Star HJD texp Teff log g S/N g λ int. range Det. Bl
-2450000 line mask
[d] [s] [K] [dex] [nm] [km s−1] [G]
HD97859 2457881.78364 4× 1272 14000 4.0 4829 1.192 519.13 ±150 DD 570± 122
HD107000 2457475.92214 4× 338 7750 3.5 2836 1.210 519.94 ±50 DD 250± 10
2457497.87935 4× 338 3047 1.210 518.95 DD 162± 12
HD134759 2457799.17433 4× 37 12000 4.0 4941 1.183 520.89 ±70 DD 305± 30
2457801.17550 4× 37 5056 1.183 521.12 DD 364± 31
HD139160 2457820.00404 8× 22 13000 4.0 3133 1.177 520.43 ±45 ND 42± 50
primary ±25 ND −2± 30
secondary ±35 ND 49± 116
HD152366 2457818.06147 4× 599 10000 3.5 2843 1.196 518.52 ±40 DD −82± 14
HD152834 2457818.08468 4× 267 10000 3.5 1769 1.188 511.72 ±25 DD 228± 20
HD155127 2457818.10943 4× 676 8000 3.5 1812 1.201 511.06 ±40 DD −435± 7
HD158596 2457818.15110 4× 1060 11000 4.0 2744 1.182 525.24 ±110 DD 610± 46
HD164224 2457817.15008 4× 1089 8750 3.5 1373 1.197 515.58 ±50 DD 580± 27
HD165972 2457905.94729 4× 517 13000 4.0 3144 1.185 518.54 ±60 DD −326± 50
HD166804 2457883.11294 4× 443 13000 4.0 3095 1.180 517.88 ±55 DD −476± 50
2457886.92179 4× 443 3066 1.180 518.47 DD −520± 50
2457890.13132 4× 443 2468 1.180 519.00 DD −429± 67
HD173406 2457500.13798 4× 214 13000 4.0 1882 1.174 519.73 ±70 ND −44± 45
HD173657 2457554.98727 4× 226 11000 4.0 3631 1.164 508.96 ±120 ND −79± 84
HD177013 2457905.96915 4× 310 12000 4.5 963 1.163 511.23 ±45 MD 217± 59
HD177562 2457553.02367 4× 262 13000 3.5 4572 1.176 524.93 ±30 ND 16± 18
HD177765 2457554.99870 4× 120 8500 4.5 1001 1.204 513.89 ±25 DD 1067± 21
as expected due to differences in stellar radii and the antic-
ipated random distribution of inclination angles. HD 97859
and HD 164224 seem closer to (rotation) pole-on than the
others, as they are situated in the upper part of the diagram.
The two probable roAp stars do not reside in a particular
region of Fig. 2. The variety in the inclination angle i, and
the obliquity angle β, is further supported by the different
shapes of the rotational modulation in the K2photometry.
7.2 Magnetic detections and non-detections
Out of the 16 expected magnetic stars in our sample, we di-
rectly detected the presence of a strong, large-scale magnetic
field for 11 stars. This is the first firm detection for 9 of these
stars and the first for all 11 stars employing high-resolution
spectropolarimetry. We have a 69 % detection rate in our
sample, with no obvious correlation with the stellar proper-
ties for the detection status. The spectropolarimetric mea-
surements for the four stars with a ND and the one MD are
of similar quality as the other 11 stars with detected mag-
netic fields. Moreover, it seems unlikely that the NDs/MDs
were due to particularly unfavourable rotation phases where
the field is seen in a cross-over configuration (see top right
panels of Figures in Appendix A).
Two of the stars with a ND, namely HD 173406 and
HD 173657, show stable rotational modulation over the du-
ration of their K2 light curves. Because of the poor quality
light curve of HD 177562, we could not confirm the presence
of rotational modulation for this star with a ND. Yet, the
comparison of the ESPaDOnS spectra with their respective
synthetic spectra suggests chemical peculiarities, as claimed
by the Renson & Manfroid (2009) catalogue. Therefore, it is
likely that these three stars are indeed Ap/Bp stars with ex-
pected, stable surface abundance inhomogeneities, and thus
host a large-scale magnetic field. It may be that these stars
host a weaker large-scale magnetic field than what is typ-
ically anticipated for Ap/Bp stars, which is in agreement
with the increased number of detections of such weak large-
scale magnetic fields (e.g., HD 5550; Alecian et al. 2016).
These weaker magnetic fields could be an evolutionary con-
sequence if the stars have burned a considerable amount of
their hydrogen, while still undergoing hydrogen core burn-
ing, leading to an increased stellar radius and assuming mag-
netic flux conservation (e.g., Landstreet et al. 2008). This
scenario could be further enhanced if magnetic field decay
has occurred (as determined by Fossati et al. 2016, for the
most massive magnetic stars).
The distortions of the LSD Stokes I profile of HD 173657
(see bottom right panel of Fig. A12) could be due to a re-
solved SB2 system, instead of surface abundance inhomo-
geneities. However, this star is not known to be a binary
system and we only obtained one observation. More spec-
troscopic observations are needed to corroborate this hy-
pothesis.
We also did not detect the presence of a large-scale mag-
netic field for the He-weak star HD 139160. We explored the
possibility of a large-scale magnetic field in the individual
components of the binary system, but again obtained a ND
for both components. Since we did not note any strong P
or Ga lines in the spectroscopic observations, HD 139160 is
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Figure 2. Rotation frequency frot versus v sin i (dots). The
colour of the symbols indicates the magnetic detection (black for
a DD, blue for a MD, red for a ND). The symbol relates to the
measured Teff , with squares for A-type stars and dots for B-type
stars. Solid lines represent the anticipated rotation frequency for
the labelled stellar radius, inclination angle, and measured v sin i.
Solid lines are for i = 90 ◦ and dashed lines for i = 20 ◦. Antici-
pated rotation frequencies at a given v sin i decrease for increasing
model radii (2R, 3R, 4R, and 5R, respectively). We indi-
cate the confidence intervals for both frot and v sin i, where we
added the errors of v sin i and of vNR in quadrature given the
correlated nature of these two parameters.
inferred to be unrelated to be related to the non-magnetic
HgMn stars. Thus, the presence of a large-scale magnetic
field is anticipated, that is likely weaker than what was ex-
pected when computing the exposure time for the spectropo-
larimetric sequences.
7.3 Lack of heat-driven stellar oscillations
We found no evidence for the presence of stellar oscillations
produced by the κ mechanism in any of the Ap/Bp stars
studied in this work. Some of our target stars do reside in
the theoretical κ-driven instability regions. Although only
a small fraction of the stars in these regions are known to
have observable oscillations at current detection thresholds,
the fact that none of our targets show such pulsations is
significant. These results provide support for the theoretical
predictions that strong large-scale magnetic fields change
the nature of waves and may even completely suppress them
(Lecoanet et al. 2017).
Two stars in our sample (HD 158596 and HD 177765)
show statistically-significant peaks in their periodograms
with strong evidence that there are Nyquist aliases of high-
frequency roAp pulsations. Furthermore, HD 164224 shows a
significant low-frequency power excess that is unlikely to be
explained by instrumental effects and could be caused by un-
resolved g-mode pulsation modes or internal gravity waves.
Extended observations of all these candidate pulsators will
be extremely useful in characterising the exact nature of
their observed variability in the K2 photometry.
Several pulsating magnetic hot stars are known, such
as β Cep (Shibahashi & Aerts 2000; Henrichs et al. 2013),
V2052 Oph (Neiner et al. 2012a; Handler et al. 2012; Bri-
quet et al. 2012), ξ1 CMa (Shultz et al. 2017), HD 43317
(Pa´pics et al. 2012; Briquet et al. 2013; Buysschaert et al.
2017), HD 188774 (Neiner & Lampens 2015), β Cen Ab (Ale-
cian et al. 2011; Pigulski et al. 2016), and ρPup (Neiner et al.
2017). However, all these stars host a rather weak magnetic
field. The only strongly magnetic star exhibiting variations
interpreted as κ-driven pulsations known at present is the
He-strong star HD 96446, with a dipolar field strength of
about 5 kG (Neiner et al. 2012b; Ja¨rvinen et al. 2017).
8 SUMMARY AND CONCLUSIONS
We observed 16 chemically peculiar hot stars with space-
based high-precision photometry to study their periodic
variability, and with modern high-resolution optical spec-
tropolarimetry to detect the signatures of a large-scale mag-
netic field. The investigated stars are all slow to moderate
rotators, with large-scale magnetic fields being easier to de-
tect from spectropolarimetry in slowly-rotating stars com-
pared to fast rotators. Although our sample of stars was
biased towards slow rotators, the observed rotation periods
are typical of Ap/Bp stars. It is known that gravity-mode
oscillations are easier to detect in slowly-rotating OB-type
stars (Aerts & De Cat 2003; Aerts et al. 2017). Therefore,
our sample bias should favour the detection of such oscilla-
tions.
In our sample, 13 stars have a high-quality K2 light
curve and all of them show evidence of rotational modula-
tion. We detected a large-scale magnetic field for 69% of our
sample stars and found no obvious correlation between this
detection and the stellar parameters, such as binarity, ro-
tation rate, or occurrence of possible stellar pulsations. All
four non-magnetic stars, HD 139160, HD 173406, HD 173657,
and HD 177562 show either rotational modulation, peculiar
chemical surface abundances, or both, and therefore likely
host an undetected weak large-scale magnetic field.
No κ-driven oscillations were detected in any of the
targets in oursample. Two stars, namely HD 158596 and
HD 177765, show an isolated high-frequency peak in their
periodogram, which we interpret as the Nyquist alias of
high-frequency roAp pulsations. One star, HD 164224, shows
a significant low-frequency power excess in its periodogram
which could be evidence of convectively-driven internal grav-
ity waves. Further observations and analyses of these can-
didate pulsators are needed to fully test these hypotheses,
since we are too limited by the length and cadence of the
K2 space photometry.
We conclude that, after major efforts with the K2 mis-
sion and modern spectropolarimetry, the best stars to try
and perform in-depth magneto-asteroseismic modelling are
those with a moderate magnetic field which does not sup-
press κ-driven modes. The best target for this is and re-
mains the CoRoT target HD 43317, for which a series of
gravity modes with consecutive radial order has been found
in the CoRoT photometry (Pa´pics et al. 2012; Briquet et al.
2013) and whose magnetic field detection and modelling led
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to fully consistent results between the seismically and mag-
netically derived rotation frequency of the star (Buysschaert
et al. 2017).
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APPENDIX A: FIGURES
Figures, showing the K2 photometry, rotational modulation,
and the LSD profiles for all stars except HD 107000, are
provided here. HD 107000 is shown in Fig. 1.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
Figure A1. LSD profiles of the ESPaDOnS spectropolarimetry
for HD 134759 where the Stokes V, the diagnostic null, and the
Stokes I profiles are shown, with an offset for increased visibility.
Integration limits for the determination of the FAP and longitu-
dinal magnetic field are given by the black lines.
Figure A2. LSD profiles of the ESPaDOnS spectropolarime-
try for HD 139160. No magnetic field was detected in the spec-
tropolarimetry. The two individual Gaussian models for the LSD
Stokes I for the primary (red) and secondary (blue) component
are also indicated.
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Figure A3. Information related to HD 97859, showing the K2 photometry, rotational modulation, and the LSD profiles of the ESPaDOnS
data. Same color coding was applied as Fig. 1.
Figure A4. Information related to HD 152366, showing the K2 photometry, rotational modulation, and the LSD profiles of the ESPaDOnS
data. Same color coding was applied as Fig. 1. Only the photometry of C11 was shown in the top left panel, while the complete K2 light
curve was employed for the rotational modulation, and periodograms.
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Figure A5. Information related to HD 152834, showing the K2 photometry, rotational modulation, and the LSD profiles of the ESPaDOnS
data. Same color coding was applied as Fig. 1.
Figure A6. Information related to HD 155127, showing the K2 photometry, rotational modulation, and the LSD profiles of the ESPaDOnS
data. Same color coding was applied as Fig. 1.
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Figure A7. Information related to HD 158596, showing the K2 photometry, rotational modulation, and the LSD profiles of the ESPaDOnS
data. Same color coding was applied as Fig. 1. The alias frequency of the presumed roAp pulsation was marked by the red dashed line
in the bottom left panel.
Figure A8. Information related to HD 164224, showing the K2 photometry, rotational modulation, and the LSD profiles of the ESPaDOnS
data. Same color coding was applied as Fig. 1. Some addition low-frequency power excess remained in the periodogram of the K2 residuals,
suggesting unresolved g mode frequencies.
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Figure A9. Information related to HD 165792, showing the K2 photometry, rotational modulation, and the LSD profiles of the ESPaDOnS
data. Same color coding was applied as Fig. 1.
Figure A10. Information related to HD 166804, showing the K2 photometry, rotational modulation, and the LSD profiles of the
ESPaDOnS data. Same color coding was applied as Fig. 1.
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Figure A11. Information related to HD 173406, showing the K2 photometry, rotational modulation, and the LSD profiles of the
ESPaDOnS data. Same color coding was applied as Fig. 1. No magnetic field was detected in the spectropolarimetry.
Figure A12. Information related to HD 173657, showing the K2 photometry, rotational modulation, and the LSD profiles of the
ESPaDOnS data. Same color coding was applied as Fig. 1. No magnetic field was detected in the spectropolarimetry.
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Figure A13. Information related to HD 177013, showing the K2 photometry, rotational modulation, and the LSD profiles of the
ESPaDOnS data. Same color coding was applied as Fig. 1.
Figure A14. Information related to HD 177562, showing the K2 photometry, and the LSD profiles of the ESPaDOnS data. Same color
coding was applied as Fig. 1. Since the K2 photometry was of poor quality, we were unable to recover any periodic variability. No magnetic
field was detected in the spectropolarimetry.
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Figure A15. Information related to HD 177765, showing the K2 photometry, rotational modulation, and the LSD profiles of the
ESPaDOnS data. Same color coding was applied as Fig. 1. The alias frequency of the presumed roAp pulsation was marked by the red
dashed line in the bottom left panel.
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